Although patients with surgically resected noninvasive mucinous cystic neoplasms (MCNs) of the pancreas are cured, the behavior of surgically resected minimally invasive adenocarcinomas arising in MCN has not been well established. We report 16 surgically resected MCNs with minimal invasion defined as unifocal or multifocal microscopic invasive adenocarcinoma confined to the ovarian stroma of the MCN without capsular or pancreatic parenchymal invasion. Pathologic findings were correlated with patient demographics, type of surgery, and long-term follow-up. Our study included 15 women and 1 man ranging in age from 25 to 66 years. The patients were followed up for a mean of 48.6 months (range, 12 to 148 mo). The MCNs ranged in size from 3.5 to 25 cm and were all located in the body/tail of the gland. Lymphovascular invasion was not identified in any of the cases, and all lymph nodes were negative for tumor. Ten neoplasms had unifocal invasion, whereas 6 had multifocal invasion. Twelve of the neoplasms were partially submitted for microscopic examination, whereas 4 were submitted entirely. Only 1 of the 16 minimally invasive MCNs recurred, and that tumor had been lighlty sampled pathologically. Our study demonstrates that the majority of patients with minimally invasive adenocarcinoma arising in MCNs are cured by surgery, particularly if the neoplasms are completely examined histologically.
I n 1978 Compagno and Oertel 1 separated mucinous cystic neoplasms (MCNs) from serous cystic neoplasms and defined the histologic features of MCNs as a mucinproducing epithelium often supported by "dense, cellular stroma resembling that of the ovary." They emphasized the potential for malignancy in this entity especially when compared with serous cystadenoma (microcystic adenoma), which is virtually always benign. 1, 2 In the 1990s the diagnostic criteria for MCN were refined to require the presence of ovarian stroma, helping to distinguish MCNs from branch duct-type intraductal papillary mucinous neoplasms (IPMNs). 3, 4 Among reported series of MCNs, 31% to 72% have low-grade dysplasia, 8.2% to 25% have intermediategrade dysplasia, 5.5% to 15% have high-grade dysplasia, and 3.9% to 34.4% have an associated invasive carcinoma. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The prognosis for patients with noninvasive MCNs is excellent; essentially all patients with a completely resected MCN without an associated invasive carcinoma are cured. 11, 14 The prognosis of patients with an MCN with an associated invasive carcinoma is better than it is for patients with an infiltrating ductal adenocarcinoma not arising in association with an MCN, but the 5-year survival rate is still only 33% to 56%. 6, 11, 14 Although extensively invasive carcinomas arising in MCNs clearly are associated with a poor prognosis, the prognosis of patients with a minimally invasive disease (ie, invasion limited to the ovarian stroma) has not been well studied. 11, 14 The purpose of this study was to examine the outcome of a large series of patients with a surgically resected MCN with minimally invasive carcinoma.
MATERIALS AND METHODS

Case Selection and Histologic Analysis
This study was approved by the Institutional Review Board of the Johns Hopkins University School of Medicine, Baltimore, MD. Patients diagnosed with MCN with invasive carcinoma confined to ovarian stroma between March 1984 and September 2010 were identified from the surgical pathology files of the Johns Hopkins Hospital; both in-house and consult cases were included. Cases from the University of Texas MD Anderson Cancer Center and Brigham and Women's Hospital were identified prospectively. All available hematoxylin and eosin-stained slides were reviewed. Standard criteria were used for the diagnosis of an MCN, including the requirement of ovarian-type stroma. 3, 12 Minimal invasion is defined as invasion histologically confined to the ovarian stroma ( Fig. 1A) . Minimal invasion can be unifocal (confined to 1 focus) or multifocal (consisting of multiple, discontinuous foci of invasion) ( Fig. 1B) . In every case, foci of invasion characteristically demonstrated haphazard infiltration of the ovarian-type stroma by neoplastic cells (Figs. 2, 3 ). Stromal desmoplasia was prominent in the areas of infiltration in some of the cases. True invasion is thus distinguished from pseudoinvasion (tangentially sectioned epithelial invaginations), which is characterized by organized glands in stroma lacking desmoplasia.
Patient Outcomes
Patient outcomes were obtained from 3 sources: The Johns Hopkins Hospital Surgical Pathology Database, the medical records of The Johns Hopkins Hospital, and direct follow-up with physicians. Detailed clinical followup information was available for all 16 patients.
Statistical Analysis
P-values were determined by the Wilcoxon rank sum test or log rank test. Table 1 , our study included 15 women and 1 man ranging in age from 25 to 66 years with a mean of 48.4 years (median, 51 y). The MCN ranged in size from 3.5 to 25 cm with mean 11.2 cm (median, 10 cm) and were all located in the body/tail of the pancreas. Ten patients had unifocal minimal invasion, whereas 6 had multifocal minimal invasion ( Fig. 1B) . By definition, all foci of invasion were histologically confined to the ovarian stroma (Figs. 1A, 2, 3). All of the neoplasms contained foci with high-grade dysplasia somewhere in the tumor, but the foci of invasion were not always associated with overlying high-grade dysplasia (Figs. 3A, B ). The 6 patients with multifocal invasion were older than the 10 with unifocal invasion (mean/median, 52.2/56 vs. 46.1/ 47.5 y); however, the difference was not statistically significant (P = 0.1152). The tumors with multifocal invasion were similar in size to those with unifocal invasion (mean/ median, 11.9/10.5 vs. 10.8/9.75 cm; P = 0.7445).
RESULTS
As summarized in
The MCN was entirely submitted for histologic examination in 4 cases with a range of 5.1 to 18.5 sections and a mean/median of 12.8/13.75 sections per 1 cm of the greatest linear dimension of the MCN. Of the 12 cases in which the MCN was partially submitted for histologic examination, the mean number of sections submitted per 1 cm of the greatest dimension of the MCN was 1.8 (range, 0.5 to 4.7 sections; median, 1.1 sections). Although the mean number of sections submitted per 1 cm of the greatest dimension of the MCN was higher in the cases in which multifocal invasion was identified (mean of 6.4 sections per 1 cm MCN) compared with those in which only unifocal invasion was identified (mean of 3.5 sections per 1 cm MCN), the difference was not statistically significant (P = 0.2742). Of the cases with multifocal invasion, the MCN was entirely submitted in 2 cases, was extensively sampled (mean of 2.1 sections per 1 cm MCN) in 3 cases, and was lightly sampled in 1 case (1 section per 1 cm MCN).
The histologic type of invasive carcinoma was conventional ductal adenocarcinoma in 14 cases (Figs. 2E, 3B, C), undifferentiated carcinoma with spindle cell features (sarcomatoid carcinoma) in 1 case ( Figs. 2A-D) , and adenocarcinoma with squamous features in 1 case. Lymphovascular invasion was absent in all cases. The pancreatic parenchymal margin was negative in all cases. Lymph nodes were submitted for histologic examination in 14 of 16 cases (range, 2 to 43 lymph nodes; mean/ median, 11.1/7 lymph nodes) and were all negative for metastatic carcinoma.
The patients were followed up for 12 to 148 months (mean/median, 48.6/44 mo). Follow-up data for patients with unifocal (mean of 52.2/48 mo) and multifocal (mean of 42.5/44 mo) invasive carcinoma were comparable (P = 0.2636). Seven of the patients received adjuvant chemotherapy: 3 with multifocal invasion, 4 with unifocal invasion.
Only 1 of the 16 minimally invasive MCNs recurred, and that tumor had been lightly sampled (5 sections for the 5 cm tumor). No lymph nodes were submitted for histologic examination. The single patient whose carcinoma recurred was found to have multifocal invasive conventional adenocarcinoma and had received no chemotherapy. Her tumor recurred in the pancreatic bed 36 months after initial resection. The recurrence was identified by computed tomography scanning and was surgically unresectable. The patient died of disease 42 months after the initial resection.
All other patients are alive and well. The patient with sarcomatoid carcinoma presented with unifocal invasion and received chemotherapy. The tumor was lightly sampled (0.5 sections per 1 cm MCN). The patient with adenocarcinoma with squamous features presented with multifocal invasion and received adjuvant chemotherapy. The tumor was more extensively sampled (3.6 sections per 1 cm MCN). The results are summarized in Table 1 .
DISCUSSION
We describe 16 minimally invasive carcinomas arising from MCNs. Invasive carcinoma was intra-capsular, confined within the ovarian stroma of the MCN in all cases (Figs. 1A, 2, 3) . After a mean of 48 months of follow-up, only 1 of the 16 carcinomas recurred, and this patient's tumor had only been lightly sampled (5 sections for 5 cm tumor) for histologic examination leaving open the possibility that more extensive invasion was present elsewhere in the unsampled lesion. This observation highlights the importance of extensive, if not complete, histologic sampling of MCNs. 3, 5 Our finding that minimally invasive carcinomas arising from MCNs have an excellent prognosis is supported by previous reports in the literature. 11, 14 Crippa et al 14 reported a large series of MCNs, of which 14 were intracapsular invasive carcinomas, defined as invasion that "did not go beyond the outer layer of the wall." Only 3 of these 14 carcinomas with intracapsular invasion, all 3 with multifocal invasion, recurred. 14 Similarly, Zamboni et al 11 reported 3 patients with minimal invasion confined to the ovarian stroma and 5 additional cases with invasion beyond the ovarian stroma but still confined to the tumor capsule ( Fig. 1A) , and all 3 patients with invasion confined to the ovarian stroma were alive and well after a mean follow-up of 22 months. Two of 5 patients with deeper capsular invasion died of disease. 11 Thus, even using the definitions used in these other series, only 16% (6 of 38) of the patients in the combination of our series and those reported by Crippa and Zamboni recurred.
We conclude that invasive carcinoma confined to the ovarian stroma of MCNs has an excellent prognosis. It is important to sample MCNs well, and the single recurrence in our series, that of a patient whose MCN was incompletely sampled, suggests that more extensive invasion may have remained in the unsampled tissue. 5 The majority of patients with minimally invasive adenocarcinoma arising in MCN are cured, particularly if the neoplasms are completely examined histologically. 
